ABSTRACT Anaplasma marginale Theiler is a tick-borne pathogen that causes anaplasmosis in cattle. There are Ϸ20 tick species worldwide that are implicated as vectors of this pathogen. In the United States, Dermacentor andersoni Stiles and Dermacentor variabilis (Say) are the principal vectors. The risk of transmission of anaplasmosis to cattle has been largely based on the distribution of D. andersoni in the United States. We developed a centralized geographic database that incorporates collection records for D. andersoni from two large national databases. We reviewed the geographic records in each database and postings from MEDLINE and AGRICOLA to produce a national county-level distribution map based on a total of 5,898 records. Mexico northward to the Canadian border. The data will be useful for identifying regions at increased risk of acquiring anaplasmosis in the United States. Based upon the database collection records, we also present a summary of recorded hosts for D. andersoni and comments on its seasonal occurrence.
TICKS ARE IMPORTANT VECTORS of disease-causing pathogens affecting humans and animals. Disease agents transmitted to livestock, equids, and poultry by ticks can have a major impact on animal production in many regions of the world (Jongejan and Uilenberg 1994) . Ticks cause not only severe toxic reactions, such as paralysis, but also may transmit bacterial, viral, and protozoal pathogens. The Rocky Mountain wood tick, Dermacentor andersoni Stiles, is the principal vector of Anaplasma marginale Theiler to cattle in the United States (Kocan 1986) . Anaplasmosis can cause serious health problems to cattle with estimated losses of $300 million annually in the United States (Kocan et al. 2000) . A. marginale is a rickettsial organism that produces progressive anemia, anorexia, resultant weight loss, reduced exercise tolerance, and even death in cattle (SchoÞeld and Saunders 1987 , Kocan 1992 , Palmer et al. 2001 . Geographic isolates of A. marginale can vary in genotype, antigenic composition, morphology, and infectivity in ticks (Ewing 1981) . High infection rates of male D. andersoni with their intermittent feeding behavior make the males the primary method for A. marginale transmission to cattle in certain regions (Eriks et al. 1993, Kocan and de la Fuente 2003) . The Rocky Mountain wood tick is also a vector of the agents of Rocky Mountain spotted fever, tularemia, and Q fever and can cause tick paralysis in humans and animals (Comer 1991 , McLean et al. 1993 , Treadwell et al. 2000 , Lysyk 2003 .
Numerous studies on the Rocky Mountain wood tick deal with its ecology, distribution, seasonal behavior, vector capacity, and paralyzing ability. Kocan (1986) cites its distribution as from western Nebraska and South Dakota, westward to the Cascades and Sierra Nevada Mountains, and from northern New Mexico and Arizona, northward into Canada. In Canada, D. andersoni has been reported from southern British Columbia eastward into Alberta and extending into Saskatchewan where it is replaced by Dermacentor variabilis (Say), the American dog tick (Gregson 1973) . The Rocky Mountain wood tick is a three-host tick, and its life cycle is usually completed within 2 to 3 yr, depending on its geographic location, with all three life stages capable of overwintering (Wilkinson 1968 (Wilkinson , 1979 Eads and Smith 1983) . Adults usually occur as early as March, reaching a maximum abundance in April and May; nymphs typically parasitize hosts in early April, whereas, larvae usually occur in early June. All three stages usually disappear by late summer or early fall (Cooley 1932) . Small mammals such as chipmunks (Tamias spp.), ground squirrels (Spermophilus spp.), woodrats (Neotoma spp.), and jackrabbits (Lepus spp.) serve as hosts for larvae and nymphs, whereas adults generally feed on larger mammals such as horses (Equus caballus L.), cattle (Bos taurus L.), mule deer [Odocoileus hemionus (RaÞnesque)], mountain goat [Oreaminos americanus (Blainville)], and elk (Cervus elaphus L.).
Generally, infections with tick-borne disease agents are tied closely to the local prevalence of tick vectors, and speciÞcally, the risk of A. marginale transmission to cattle has largely been based on studies of the distribution of D. andersoni (Kocan 1986) . Because the United States distribution of D. andersoni has not been reported previously at the county level, we developed such a distribution map, using data from two large extant faunistic collections. This map provides a basis for designing better prevention strategies against anaplasmosis and other diseases associated with the Rocky Mountain wood tick.
Materials and Methods
Definitions. We used the county-level deÞnitions of Ixodes scapularis Say, the blacklegged tick, populations given by Dennis et al. (1998) as a basis to describe D. andersoni populations. D. andersoni was deÞned as "reported" from a county if at least one specimen of any life stage had been collected, or if the number of specimens collected was not speciÞed in that area at any time within that county. Tick populations were deÞned as "established" if at least six ticks of one life stage or two of the three active life stages (adults, nymphs, or larvae) were collected within that county during one collection period.
USDA Tick Geodatabase. The combined Þnal database was used to produce a county-level distribution map for D. andersoni. Maps were created using ArcView, version 3.3 (ESRI, Redlands, CA). Counties were shaded to reßect the reported and established populations.
Results
The USNTC provided 6,256 distribution records for D. andersoni, including 375 records from Canada. Of the original total, 5,811 records had United States county-level information. The NVSL database provided 89 D. andersoni records, 87 of which had countylevel information. Thus, we were able to use 5,898 records to develop a county-level-based map for the distribution of the Rocky Mountain wood tick in the United States (Fig. 1) . Although the timeline of database entries extended from 1903 through 2001, the majority of the records (59%) came from 1921 to 1940. Table 1 summarizes the reported data mapped by state and county with D. andersoni populations characterized as established or reported. Tick populations were reported in 87 (2.8%) of the 3,141 counties in the United States and established in 180 counties (5.7%) for a total of 267 counties (8.5%) nationwide. Table 2 The D. andersoni records in the geodatabase resulted from ßagging, dragging, CO 2 baits, and collections from small-, medium-, and large-sized animal surveys. Of the 5,898 records used to create the dis-tribution, 71.1% were collected from animal hosts, 24.9% from vegetation, and 3.9% had no collection methods listed. The animal-associated collections (Table 3) were collected from wildlife (53.5%) and from livestock, equids, domestic animals, or humans (17.6%).
D. andersoni adults were collected from all 267 counties; however, immatures were collected from only 258 counties. The largest numbers of adults and immatures collected were from Montana with 42,177 adults and 17,676 immatures collected from 44 counties. There were no larvae collected from Arizona, and no nymphs collected from North Dakota. North Dakota had the fewest collections, with only three adults and 40 larvae collected from four counties.
Discussion
The national map we developed for D. andersoni in the United States is the Þrst county-level distribution map for this tick species since it was recognized as a vector of the agent of Rocky Mountain spotted fever to humans in 1906 (Bishopp 1911 (Cooley 1932 (Cooley , 1938 . Bishopp and Trembley (1945) reviewed and summarized the known geographic range of the Rocky Mountain wood tick, but their map shows a slightly smaller U.S. dis- tribution than that of Cooley (1938) . They remarked on its abundance in rough cut-over, mountainous areas, and sage brush country near streams. By 1975, the known distribution of D. andersoni was conÞrmed over the mountainous areas of the western United States from the Dakotas, Nebraska, Colorado, and northern New Mexico westward through some of northern California to the eastern slope of the Cascades in Oregon and Washington (Easton et al. 1977) . SpeciÞcally, in Oregon, D. andersoni nymphs were found in Baker, Douglas, Gilliam, Grant, Harney, Klamath, Lake, Malheur, Union, and Wheeler counties, and larvae were found in Þve of those counties: Douglas, Gilliam, Grant, Harney, and Malheur. In a small survey in California in 1981, the distribution of the Rocky Mountain wood tick was limited to Lassen and Modoc counties in association with pine (Pinus spp.), juniper (Juniperus spp.), and woodland with sagebrush scrub (Lane et al. 1981 Over the entire time recorded in the databases, the distribution of the Rocky Mountain wood tick only covers just Ͼ8% of the counties within the United States and all counties are in the western half of the country. This percentage translates to 26.5% of the total surface of the continental United States. Although each county within a state is completely Fig. 1 , tick populations were not evenly dispersed over the entire county. Range expansion of the Rocky Mountain wood tick may be limited by the availability of suitable habitats. This tick seems to inhabit areas in the United States that are semiarid and mountainous with vegetation including short prairie grasses, shrubs, and few trees. It has been found in association with pine, juniper, and woodland with sagebrush scrub in California (Lane et al. 1981) . Moreover, Eads and Smith (1983) found D. andersoni to be concentrated in areas of shrub, rocky outcrops, open grassy areas, and in montane forests and ponderosa pine (Pinus ponderosa P.C. Lawson) in Colorado. In Canada, D. andersoni inhabits areas of subalpine forest, shrubby areas, ponderosa pine, bluebunch wheatgrass [Pseudoroegneria spicata (Pursh)], rose (Rosa spp.), and saskatoon shrubs (Amelanchier alnifolia Nutt.), Agropyron spicatum (Pursh) grass, and Douglas Þr tree [Pseudotsuga menziesii (Mirbel)] zones (Hall et al. 1968, Schaalje and Wilkinson 1985) . The availability of hosts, soil temperatures, humidities, aspect, and slope seem to determine the distribution of this tick species.
Seasonality. Seasonal collection records for D. andersoni in USDAÕs tick geodatabase correlated well with those in previously published studies. In our records, adults were collected on either hosts or vegetation from February through November, with nymphal collections from March through October, and larval collections as early as March and as late as October. The largest number of adults was collected from March through April, most nymphs from May to June, and most larvae from June to July.
A summary of seasonality information in the existing literature for D. andersoni populations among the 14 states shows good consistency with our observations. Adults were collected between January and November, with peak activity between April and June. Nymphs and larvae were collected between March and October, with peak activity from May through June. All three stages were collected contemporaneously between March and October with peak activity for all three stages in May and June; however, the seasonal activity of D. andersoni can vary regionally (Rotramel et al. 1976) . In Oregon, adults were collected from February through October and peak activity was in May (Easton et al. 1977) , whereas in Colorado adults were collected between March and October with the majority between April and June. Nymphs were collected in Colorado between March and June (Bishopp and Trembley 1945, Eads and Smith 1983) . In Montana, D. andersoni larvae were active from June to September, and nymphs were active from June to August and as early as April (Sonenshine et al. 1976) .
Hosts. Most of the D. andersoni collection records from wildlife in the geodatabase came from small mammals, such as chipmunks, ground squirrels, pikas (Ochotona spp.), pocket gophers (Thomomys spp.), mice, rats, marmots (Marmota spp.), and porcupines [Erethizon dorsatum (L.)] (Table 3) . Also in our records, more Rocky Mountain wood tick collections came from large livestock, such as cattle and horses, than from large wildlife, such as elk or mule deer. Generally, host records in the tick geodatabase agree well with the most common published hosts for D. andersoni. For example, according to Cooley (1932) and Gregson (1973) , small mammals serve as hosts for larvae and nymphs, and adults feed on larger mammals. All three stages can be found on porcupines, jackrabbits, and marmots (Wilkinson 1972 , Gregson 1973 , Rotramel et al. 1976 . Small mammal hosts include ground squirrels, chipmunks, pocket gophers, marmots, woodrats, mice, pikas, and small carnivores (Sonenshine et al. 1976, Eads and Smith 1983 (Bishopp and Trembley 1945) .
The medical and veterinary interest and importance of D. andersoni are exempliÞed by the large number of collection records from humans and livestock in both the geodatabase and the literature. Additionally, the large number of ticks removed from wildlife, particularly smaller mammals, suggests potential wildlife reservoirs of tick-borne diseases such as Colorado tick fever. For example, ecological studies carried out in Montana showed that the presence of Colorado tick fever was well correlated with not only the distribution of the Rocky Mountain wood tick but also the presence of ground squirrels, a preferred host of larval D. andersoni Eklund 1959, 1960 ).
The national county-level distribution map for the Rocky Mountain wood tick described in this article provides a good foundation for future studies. The development of biologically based models that predict the regional distribution of American ticks can be an important element in assessing the risk of tickborne diseases. For example, the blacklegged tick is a disease vector whose population maintenance and distribution depend on climate variation and landscape patterns (Ostfeld et al. 1996 , Frank et al. 1998 . Abiotic factors, such as precipitation and humidity, are important in regulating this tickÕs off-host survival (Needham and Teel 1991, Bertrand and Wilson 1996) and the character of local vegetation inßuences its occurrence (Schmidtmann et al. 1998) . Our map provides an opportunity to understand some of the ecological processes that may be inßuencing the distribution of D. andersoni. A spatial model of the environmental suitability is currently under development to better assess the risk to animal health from the presence of established populations of this economically important tick species in the United States. database development and review of this manuscript. In addition, we thank the U.S. National Museum of Natural History, Smithsonian Institution, Entomology Department and Tim Merle; and the USDA, National Veterinary Services Laboratories Information Technology group in Ames, IA, and Larry Rice for help with the tick database records and interpretation.
